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LARGE-SCALE INTEGRATED CIRCUIT WITH 
INTEGRAL III-DIRECTIONAL TEST CIRCUIT 

BACKGROUND OF THE INVENTION 

It has been found that as large scale integrated cir 
cuits have become more complex and complicated and 
also have become larger in scale, there is a requirement 
for a greater number of input and output pads for the 
large scale integrated circuit. It has been found that the 
larger the number of output and input pads the greater 
the difficulty in making simultaneous contact to all of 
the pads during probing of the same to test the large 
scale integrated circuit. As the number of pads increase, 
the probing difficulties increase and the greater the 
chances that the yield will be affected by difficulties in 
making simultaneous contact to all of the input and 
output pads of the large scale integrated circuit. There 
is therefore a need for a new and improved large scale 
integrated circuit which makes probing of the same for 
testing less difficult and without having any yield reduc 
tion due to the difficulties in making simultaneous probe 
contact to the pads of the large scale integrated circuit. 

SUMMARY OF THE INVENTION AND 
OBJECTS 

The large scale integrated circuit consists of a semi 
conductor body having a surface. A large scale inte 
grated circuit is formed on the semiconductor body and 
extends through the surface and is comprised of a large 
number of interconnected circuit elements and a large 
number of input and output pads connected to the cir 
cuit elements and disposed near the outer perimeter of 
the semiconductor body. An integrated test circuit is 
formed in the semiconductor body and extends through 
said surface. The integrated test circuit has a plurality of 
probe pads carried by the semiconductor body and 
connected to the test circuit. The integrated test circuit 
is formed external of but in relatively close proximity to 
the large scale integrated circuit. Leads are provided on 
the semiconductor body connecting the integrated test 
circuit to the large scale integrated circuit whereby 
access can be obtained to the large scale integrated 
circuit through probing of said probe pads of the inte— 
grated test circuit to ascertain the characteristics of the 
large scale integrated circuit. 

In general, it is an object of the present invention to 
provide a large scale integrated circuit and method 
which makes it possible to greatly reduce the total num 
ber of probes which are required to test the large scale 
integrated circuit. 
Another object of the invention is to provide a circuit 

and method of the above character which is capable of 
being used with a large scale integrated circuit having at 
least several hundred input and output pads. 
Another object of the invention is to provide a circuit 

and method of the above character in which a separate 
integrated test circuit is formed on the semiconductor 
body integral with the semiconductor body and con 
nected to the test circuit to facilitate obtaining access to 
the test circuit through probe pads carried by the inte 
grated test circuit. 
Another object of the invention is to provide a circuit 

and method of the above character in which larger 
probe pads can be provided and in which there is no 
danger of damaging the input and output pads of the 
large scale integrated circuit. 
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2 
Another object of the invention is to provide a circuit 

and method of the above character in which the inte 
grated test circuit is removed and is thrown away after 
the testing of the large scale integrated circuit has been 
accomplished. 

Another object of the invention is to provide a circuit 
and method of the above character in which the inte 
grated test circuit can be customized to the testing of 
the large scale integrated circuit. 
Another object of the invention is to provide a circuit 

and method of the above character in which the inte 
grated test circuit although customized for the large 
scale integrated circuit, can itself be tailored to a univer 
sal interface with a probing apparatus. 
Another object of the invention is to provide a circuit 

and method of the above character in which the leads 
interconnecting the integrated test circuit to the large 
scale integrated circuit can be bi-directional lines. 
Another object of the invention is to provide a circuit 

and method of the above character in which the circuit 
is rectangular having four sides with input and output 
pads on each of the sides. 
Another object of the invention is to provide a circuit 

and method of the above character in which the inte 
grated test circuit is formed integral with at least one of 
the sides. 
Another object of the invention is to provide a circuit 

and method of the above character in which an inte 
grated test circuit is formed on each of the sides. 
Another object of the invention is to provide a circuit 

and method of the above character in which the inte 
grated test circuit for each large scale integrated circuit 
is formed in such a manner that the integrated test cir 
cuits for adjacent large scale integrated circuits are 
complimentary in so far as the space requirements are 
concerned. 

Additional objects and features of the invention will 
appear from the following description in which the 
preferred embodiments are set forth in detail in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Hg. 1 is a plan view of a portion of a semiconductor 
wafer showing a plurality of large scale integrated cir 
cuits with external and integral access test circuitry 
incorporating the present invention. 

FIG. 2 is a logic and block diagram showing the 
interface which is utilized between a computer and the 
multiplexer in the integrated test circuit provided for 
the large scale integrated circuit. 
FIG. 3 is a block diagram of a portion of the multi 

plexcr which is utilized as the access test circuitry for 
the large scale integrated circuit. 
FIG. 4 is a schematic diagram showing what is in 

cluded in one of the control blocks shown in FIG. 3. 
FIG. 5 is a detailed block diagram showing what is 

incorporated in an input-output driver circuit for an 
input pin or pad. 
FIG. 6 is a detailed block diagram of what would be 

provided in a driver block shown in FIG. 3 for an out 
put pin or pad. 
FIG. 7 is a plan view of another large scale integrated 

circuit incorporating the present invention with the 
external integral access test circuitry being provided on 
only one side of the large scale integrated circuit. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1, there is shown a large scale integrated 
circuit with an external integral access test circuit incor 
porating the present invention. As shown, the large 
scale integrated circuit consists of a semiconductor 
body 11 formed of a suitable material such as silicon. 
The semiconductor body can be of any desired size as 
for example can comprise an entire wafer having a 
diameter of 3 or 4 inches. A large scale integrated cir 
cuit can be formed in the semiconductor body by con 
ventional techniques or by the use of techniques dis 
closed in the co-pending application Ser. No. 801,907, 
?led May 31, 1977, now abandoned in favor of applica 
tion Ser. No. 847,478, ?led Nov. 1, 1977 to provide a 
large scale integrated circuit comprised of a large num 
ber of integrated circuit elements. As is well known to 
those skilled in the art, the integrated circuits can be 
formed utilizing any desired logic family or technology. 
For example, it can be formed of a TZL, CMOS and the 
like as hereinafter described in more detail. 
The circuit elements comprise conventional semicon 

ductor circuit elements such as transistors, diodes, resis 
tors and even the capacitors. As is well known to those 
skilled in the art, these circuit elements can be intercon 
nected in a conventional manner as by way of example, 
by the use of two or more layers of metalization with 
vias extending between the layers of metalization. The 
large scale integrated circuit can have any desired ge 
ometry as for example, a rectangular geometry in the 
form of a square having four sides 12 of equal length. 
The large scale integrated circuit 13 is formed within 
the con?nes of the sides 12 with a large number of pads 
14 provided on the semiconductor body adjacent each 
of the sides 12. Although only twenty-?ve pads 14 are 
shown in the drawing on each of the sides 12 adjacent 
the outer perimeter of the semiconductor body 11 car 
rying the large scale integrated circuit, it should be 
appreciated that it is contemplated with the present 
invention that at least one-hundred such pads 14 would 
be provided on each of the sides to provide a total of at 
least four-hundred input and output pads. 

Integrated test circuitry 16 is provided for the large 
scale integrated circuit 13 which is formed integral with 
the semiconductor body external of but in relatively 
close proximity to the large scale integrated circuit. As 
hereinafter described, the integrated circuit 16 is in the 
form of a multiplexer. The integrated test circuit 16 is 
provided on at least one side of the large scale inte 
grated circuit 13. In FIG. 1, it can be seen that an inte 
grated test circuit 16 is provided on each of the four 
sides 12 of the large scale integrated circuit 13. Each of 
the integrated test circuits 16 is comprised of a plurality 
of interconnected circuit elements which are formed in 
the semiconductor body and extend through the surface 
of the semiconductor body. The integrated circuit ele 
ments can be interconnected by the two layer metaliza 
tion system hereinbefore described for use with the 
large scale integrated circuit. Leads (not shown) are 
provided for interconnecting the integrated test circuit 
and the LS1 circuit 13. The interconnecting leads be 
tween the test multiplexer or integrated test circuit 16 
and the LS1 circuit can be made by the use of single 
leads going to each of the pads 14 by the use of ?rst 
level metalization. The integrated test circuit is pro 
vided with a plurality of probe pads 17 which are 
formed within the boundaries of the integrated test 
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4 
circuit. By way of example as shown in FIG. 1, each of 
the integrated test circuits is provided with seven probe 
pads which are indicated by crosses in the pads whereas 
the pads provided for the large scale integrated circuit 
are provided with a blank interior. It will be noted that 
the space required for each of the integrated circuits 16 
provided on each side 12 is substantially L-shaped as 
shown. The L-shape makes it possible to place the 
probe pads in the larger portion of the L-shaped space 
or area while still making it possible to provide leads 
from the integrated test circuit which extend to all of 
the pads 14 of the large scale integrated circuit. It also 
will be noted in FIG. 1 that the L-shaped areas 18 for 
adjacent large scale integrated circuits are complimen 
tary to each other. Thus, it can be seen that the L 
shaped con?guration for the integrated test circuits 
make it possible to economize the amount of space 
taken by the integrated test circuits while still making it 
possible to provide relatively large probe pads 17 for 
the integrated test circuits. The broken rectangle 21 
provided on the corners of the large scale integrated 
circuit between the integrated test circuits represent 
scribe lines for cutting the large scale integrated circuits 
from the wafer and also for separating the integrated 
test circuits from the large scale integrated circuit. The 
scribe lines also indicate in the manner hereinafter de 
scribed that the integrated test circuits are separated 
from the large scale integrated circuit and can be 
thrown away after they have been utilized to ascertain 
whether or not the large scale integrated circuit meets 
predetermined requirements. 

It will be noted that the integrated test circuits are 
formed external of the large scale integrated circuit but 
are in relatively close promimity thereto to facilitate 
interconnection of the same with the pads of the large 
scale integrated circuit. 

It can be seen from the illustration shown in FIG. 1 
that the large scale integrated circuits butt up very close 
to each other even though some space is required for 
the integrated test circuits which are provided on each 
side of each of the large scale integrated circuits. 

In FIG. 2 there is shown a block diagram and logic 
interconnections for the interface circuitry for a com 
puter to be utilized in the testing operation with the 
integrated test circuits 16. As hereinbefore explained 
the integrated test circuits are in the form of multiplex 
ers provided on each side of the large scale integrated 
circuit 13 for testing the integrated circuit 13. As shown 
in FIG. 2 it can be seen that the circuitry therein is 
substantially conventional. The Input-Output bus 26 is 
connected to a CPU. The CPU can be any 16-bit com 
puter with a direct memory access channel as for exam 
ple a Hewlitt-Packard I-IPZIMX a Data General 
NOVA or a DEC PDP 11. 
The bus 26 feeds into a conventional T2L circuitry. 

This circuitry includes a mask memory 27 and a pattern 
memory 28. The pattern memory contains a 1 or 0 for 
each pad on the large scale integrated circuit whereas 
the mask memory contains a l or a 0 depending on 
whether the pad on the large scale integrated circuit 
was to be tested or ignored. It is essentially a mask 
memory to ignore unknown values. 16-bit information 
is supplied from the computer to the pattern memory 
and also to a tri-state driver 29 through a bus 26 which 
is connected through probes or a probing apparatus (not 
shown) which makes contacts to the probe pads 17 of 
each of the multiplexers 16 for the large scale integrated 
circuit. As is well known to those skilled in the art, the 
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tri-state driver 29 has a capability of forcing the line to 
which it is connected to either a l or a 0 or to discon 
nect itself from the circuit to allow another function to 
take place. 

In operation, the tri-state driver 29 supplies signals to 
latches provided in the multiplexer. Address bits are 
supplied from a bus 32 from an address control 33 also 
connected to the input-output bus 26. The ?ve address 
bits being supplied by the bus 32 determine which 
latches have data loaded into the same. After the data 
has been loaded into the large scale integrated circuit, 
the tri-state driver 29 is turned off and the address bits 
from the address control, 33 are cycled through a sec 
ond time and then data is read through the multiplexer 
from every pad 14 of the large scale integrated circuit 
and supplied through a sense ampli?er 36 where it is 
compared in a block 37 with the expected values that 
are stored in the pattern memory 28. l6-bits are com 
pared at a time. The mask 38 in association with the 
mask memory 27 ensures that the comparison will take 
place only between the desired parameters. The mask 
38 masks out unknown values so that they cannot be 
considered as errors. When an error is ascertained, the 
test is re-run up to the point where an error is found and 
then additional measurements are made through the bus 
driver from the sense ampli?er 36 to determine which 
pads supplied the erroneous information. 

It is believed with the interface shown in FIG. 2 that 
it should be capable of running a testing operation under 
100 microseconds per test. 

In FIG. 3 there is shown a detailed block diagram of 
what is found in one of the integrated test circuits 16 on 
one side of the LSI 13. Thus, the circuitry shown in 
FIG. 3 represents 1 of the total multiplexer circuitry 
provided for the LSI 13. As shown in FIG. 3 it is pro 
vided with ?ve address lines 41 identi?es A0, A1, A2, 
A3 and A4 and four data lines 0 through 3. It is also 
provided a write strobe line 43 which serves to load 
data into the latches provided in the multiplexer circuit 
shown in FIG. 3. A read strobe line 44 is provided 
which takes data from every I/() and reads it back onto 
the data lines. In addition, there is a chip clock (not 
shown) which may be used occasionally and which is 
provided with power and ground connections which 
make it necessary to provide a total of fourteen pins for 
connection to the integrated test circuit 16 provided on 
each of the four sides of the LSI 13. 
The two address lines All and A1 are connected to a 

power driver 46 and the address lines A2, A3, and A4 
are connected to the decoder 47 which is provided with 
eight enable lines 48 identi?ed as ENI] through BN7. 
The power driver 46 and the decoder 47 are connected 
to control blocks 51 shown which are numbered 0 
through 31. The control blocks are connected to four 
pin I-O drivers 52 also numbered 0 through 31. The 
drivers 52 are provided with four pins for the 32 drivers 
52. The 3-bit address decoder 47 and the power driver 
46 are essentially used to give a selection of which of the 
four data lines 42 are going to drive the drivers 52. 
Thus, it can be seen that each driver 52 will drive four 
l/O pins 53 from the data bus 42 and thus, will either 
drive with information received on the data bus or 
receive information and supply it to the data bus. The 
address and control circuitry is utilized to decode the 
address and to determine which driver of the drivers 52 
is to be connected to the data bus. 4~bits at a time are 
supplied to each of the four integrated test circuits of 
the multiplexers 16 which requires a 16-bit word be 
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6 
supplied from the pattern memory 28. The 16-bit word 
is broken up into four groups of 4-bits with 4-bits being 
supplied to each side of the LSI 13. 
The blaock diagram shown in FIG. 3 is in fact a two 

stage decoder in which the 3-bit decoder 47 serves as a 
first stage to the eight enable lines 48 and the second 
stage consists of the control boxes 51 which control the 
write and read strobes 43 and 44 into the IO drivers 52 
to insure that only one group of write strobes or read 
strobes can be turned on at any instant in time. In nor 
mal operation one would cycle through the ?ve address 
lines going from the binary value of 0 through a binary 
value of l which in turn would connect the four pin 10 
drivers one at a time to the data bus and allow the data 
to be either loaded into that IO driver or data to be 
taken from the pins 53 of the IO driver and supplied to 
the data bus line 42. Thus it can be seen that the block 
diagram shown in FIG. 3 is essentially a multiplexing 
for the four data lines 42 to one-hundred and twenty 
eight pins on each side of the LSI chip carrying a total 
of ?ve-hundred and twelve pins for the four sides of the 
LSI chip. 

In FIG. 4, there is shown a more detailed block dia 
gram of what is provided in one of the control boxes at 
51 shown in FIG. 3. As shown in FIG. 3, each control 
block 51 is connected to the write strobe line 43 and the 
read strobe line 44, to address lines from the power 
driver 46 and enable line 48 from the decoder 47. The 
control 51 allows only one driver 52 to be turned on at 
one time that is one out of 32. For this purpose a pair of 
NAND gates 56 and 57 are provided which are con 
nected to Inverters 58 to the four Lines which are iden 
ti?ed as +WR1, —WR1, +RD1 and —RD] respec 
tively. 

It is apparent that a two stage decoder is advanta 
geous in that it makes it possible to utilize fewer compo 
nents rather than making a 5 to 32 decoder in one level. 

In FIGS. 5 and 6 there are shown detailed block 
diagrams of the circuitry which would be provided in 
the drivers 52. For each IO pin provided on the LSI 
chip one or the other of the con?guration shown in 
FIGS. 5 or 6 would be utilized. FIG. 5 shows circuitry 
for a chip input pin whereas FIG. 6 shows circuitry for 
a chip output pin. Latches are provided on each input 
pin hold a data value to be driven into the chip. 
As shown in FIG. 5, the circuitry for each input pin 

includes a plurality of transmission gates 61 of the type 
which are found in CMOS. A plurality of inverters 62 
are also provided. The use of the transmission gates is 
desirable because it makes it possible to measure analog 
values such as voltage. It should be appreciated that if 
the multiplexer or integrated test circuit was built with 
some other technology such as TZL or emitter coupled 
logic, this transmission gate 61 would not be available 
and in such a case, a conventional logic circuitry would 
be utilized to make it possible to only supply logical l 
and 0 values to the input pin. 

It can be seen from FIG. 6 that the output pin cir 
cuitry only requires a single transmission gate. Thus, the 
logic required for an output pin is much less than that 
required for an input pin. This makes it possible to cus 
tomize the multiplexer to the LSI 13. Thus, if a pin is 
only to be used as an output pin, the lesser circuitry 
shown in FIG. 6 can be provided. If it is only necessary 
to use it as an input pin, only the circuitry shown in 
FIG. 6 is required. 
From the foregoing it can be seen that the integrated 

test circuit 16 which is provided on each side of the LSI 
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chip and is in fact a multiplexer which makes it possible 
for a probe to make contact to the LSI chip through a 
relatively small number of probe pads 17 carried by the 
integrated test circuit 16. After the testing has been 
completed and the LSI circuit has been found to be 
capable of meeting the desired circuit parameters, the 
integrated test circuits 16 can be removed from the LSI 
chip 13 by scribing along the scribe lines 21 so that all 
four of the integrated test circuits or multiplexer circuits 
16 provided on the four sides are separated from the 
LSI chip. After this has been completed, the LSI chip 
can be mounted in a package in a conventional manner 
and leads such as gold wires bonded to the pads 14 and 
to the leads of the package to provide connections from 
the LSI chip to the outside world. 

Thus, it can be seen that there has been provided a 
means making it much easier to check an LSI chip with 
relatively little danger of cutting the yield of the LSI 
chips because of poor contact to a multitude of probe 
pads since in the present case the total number of probe 
pads has been limited. 

It should be appreciated that if desired, the multi 
plexer chip or integrated test circuit 16 provided on 
each side may be left intact with the LSI chip. It may be 
desirable to do this in the event it is necessary to test the 
LSI chip in the ?eld. For reasons that the integrated test 
circuit or multiplexer 16 facilitates testing upon manu 
facture, it also facilitates testing in the ?eld because of 
the greatly reduced number of probe contacts which 
are required. 
When the multiplexer or integrated test circuit 16 is 

left intact with the LSI chip, the multiplexer or inte 
grated test circuit 16 can be separated electrically from 
the LSI chip by use of a transmission gate provided in 
each of the IO pins which would disconnect the inte 
grated test circuit or multiplexer 16 when it is not in use. 
The only disadvantage is that even though the multi 
plexers are disconnected, a small amount of stray capac 
ity would be added on each of the IO pins. Thus, as 
shown in FIG. 5 there would be provided an additional 
transmission gate which is shown in broken lines in 
FIG. 5 together with a single lead for controlling that 
transmission gate which can be common to all of the 
transmission gates. For example, during testing, the 
transmission gate would be turned on and would be left 
on. 

In FIG. 7 there is shown another embodiment of the 
invention in which a single multiplexer has been pro 
vided for the entire LSI chip rather than four separate 
multiplexers on the four sides of the LSI chip. The LSI 
chip 71 shown in FIG. 7 which may be substantially 
identical to the LSI chip 13 as shown in FIG. 1 is pro 
vided with a plurality of output pads 72. A single large 
multiplexer 76 is provided on one of the four sides 77 of 
the LSI chip 71. The integrated test circuit or the multi 
plexer 76 is provided with probe pads 78 which are 
adapted to be engaged by a probe connected to a com 
puter as in connection with the foregoing embodiment. 
The multiplexer circuit 76 is connected to the individual 
pads 72 of the LSI circuit 71 by leads in the ?rst level 
layer of metalization. 
The principal disadvantage of utilizing a single multi 

plexer as shown in FIG. 7 over a plurality of multiplex 
ers as in FIG. 1 is that longer leads are required for 
connecting the multiplexer circuit 76 to all of the pads 
72 provided on the LSI chip rather than merely con 
necting the LSI pads on one side to the multiplexer. The 
number of probe pads required for connection to the 
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outside world would be substantially reduced. For ex 
ample, from the 56 probe pads required where there are 
four multiplexers used as shown in FIG. 1, the amount 
of probe pads could be reduced by approximately i by 
utilizing the single multiplexer. It can be seen that by 
utilizing the multiplexer on one side, and by utilizing 
two additional pins it is possible to select one side at a 
time. Thus, it can be seen that it is possible to greatly 
reduce the number of probe pads with the only disad 
vantage being that essentially longer wiring is required 
to make contact to all of the pads of the LS1 chip. 
As pointed out with respect to the previous embodi 

ments, the integrated test circuit or multiplexer 76 can 
be severed from the LSI chip after testing of the LSI 
chip. Alternatively by the use of transmission gates it 
can remain with the LS1 chip so that the LSI chip can 
be tested in the ?eld. 

It is apparent from the foregoing that there has been 
provided a large scale integrated circuit with external 
integral access test circuitry and a method for testing 
the same which makes it possible to greatly reduce the 
number of probe contacts required and therefore elimi 
nate yield drops due to poor or no contacts to certain 
pads. 
We claim: 
1. In a large scale integrated circuit, a semiconductor 

body having a surface, said large scale integrated circuit 
formed in said semiconductor body through said sur 
face and comprising a large number of interconnected 
circuit elements and a large number of input and output 
pads connected to the circuit elements and disposed 
near the outer perimeter of the semiconductor body, at 
least one integrated test circuit having interconnected 
circuit elements formed in the semiconductor body and 
extending through said surface, said integrated test cir 
cuit having a plurality of probe pads carried by the 
semiconductor body and connected to the test circuit, 
said integrated test circuit being formed external of but 
in relatively close proximity to said large scale inte 
grated circuit, said integrated test circuit including bi 
directional driver means directionally selectable for 
writing data into or for reading data from said large 
scale integrated circuit, said bi-directional driver means 
including write means responsive to write signals for 
selecting said bi-directional driver means in a direction 
to write data into said large scale integrated circuit and 
including read means responsive to read signals for 
selecting said bi-directional drive means in a direction 
to read data from said large scale integrated circuit, said 
bi'directional driver means connected between one of 
said probe pads and a plurality of said input and output 
pads whereby access can be obtained to said large scale 
integrated circuit through probing of said probe pads. 

2. An integrated circuit as in claim 1 wherein said 
large scale integrated circuit and said integrated test 
circuit are positioned whereby the integrated test cir 
cuit can be separated from the large scale integrated 
circuit after the large scale integrated circuit has been 
tested. 

3. An integrated circuit as in claim 1 wherein said 
integrated test circuit includes transmission gates con 
necting the integrated test circuit to the large scale 
integrated circuit and means for opening the transmis 
sion gates when the integrated test circuit is not being 
utilized. 

4. An integrated circuit as in claim 1 wherein said 
integrated test circuit includes a multiplexer, said multi‘ 
plexer including address means for addressing with 
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address signals an addressed one of said plurality of said 
input and output pads to establish electrical conduction 
between said one of said probe pads and said addressed 
one of said plurality of said input and output pads. 

5. An integrated circuit as in claim 1 wherein said 
semiconductor body is provided with four sides and 
wherein said integrated test circuit is provided adjacent 
to at least one of the four sides. 

6. An integrated circuit as in claim 5 including four 
integrated test circuits, each integrated test circuit pro 
vided adjacent to one of the four sides. 

7. An integrated circuit as in claim 1 wherein a plural 
ity of large scale integrated circuits are provided on the 
semiconductor body and wherein each of the large scale 
integrated circuits is provided with four sides and an 
ingegrated test circuit provided on each side and in 
which the integrated test circuits of adjacent sides of 
large scale integrated circuits are formed in complimen 
tary positions. 

8. An integrated circuit as in claim 4 wherein said 
integrated test circuit includes a two-stage decoder 
responsive to said read and write signals and responsive 
to said address signals for decoding both the selection of 
said addressed one of said plurality of said input and 
output pads and the selection of the read or write direc 
tion of said bi-directional driver means. 

9. An integrated circuit as de?nd by claim 1 wherein 
said bi-directiona] driver means includes latch means for 
holding data transferred between said integrated test 
circuit and said large scale integrated circuit. 

10. In a large-scale integrated circuit formed by cir 
cuit elements interconnected in a semiconductor body 
with input and output pads connected to the circuit 
elements, a plurality of integrated test circuits integrally 
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formed in the semiconductor body, each of said inte 
grated test circuits comprising, 

a probe pad carried by the semiconductor body and 
electrically connected to the integrated test circuit, 

control means for generating address signals for ad 
dressing said input and output pads and for generat 
ing write signals and read signals for controlling 
the direction of conduction between said probe pad 
and said input and output pads, 

bi-directional driver means directionally selectable 
for writing data into or for reading data from said 
large-scale integrated circuit, said bidirectional 
driver means including ?rst write means responsive 
to decoder write signals for selecting said bi-direc 
tional driver means in a direction to write data into 
said large-scale integrated circuit and including 
read means responsive to decoder read signals for 
selecting said bi-directional driver means in a direc 
tion to read data from said large-scale integrated 
circuit, said bidirectional drive means connected 
between said probe pad and a plurality of said input 
and output pads, 

a two-stage decoder responsive to said read and write 
signals and responsive to said address signals for 
generating said decoder write signals and said de 
coder read signals to establish electrical conduc 
tion between said probe pad and an addressed one 
of said plurality of said input and output pads in a 
read or write direction determined by said control 
means whereby bi-directional access for reading or 
writing of data from said probe pad to addressed 
ones of said plurality of said input and output pads 
is obtained. 
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